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RE  FACE 


AUTHORIZATION 


issued 

1942. 


Specific  directiveo  for  this  investigation  were 

m  Buord  ltr  0p-l6-Z  L11-1/EF74  of  December  30, 


OBJECT 

- 

waico  9  complete  chemical  and  metallurgical 
!^”1^a^lon^Lf£a^ents^o^a^Jor  caliber  Japanese 

4G£^;  end  if  ""pnsblblB  "tu  a 

^»»nnst ruction  o&..t.ha  ppefcctila. 

SITEfARY 

...  ^Thvese  fraSrients  hnva* identified  as  parts  of 
1  projectile  having  a  flat  nose  and  a 

he  loJ  l0al*0ap;CLIt  apPears  that  this  sap  can  easily 
conisnti™  'vater,i%act  transforming  an  otherwise 

with  5}  Pr?^ec,:ile  into  a  flat-nosed  projectile 

ofHho  under  water  trajectory.  The  weight 

to  be  °ded  ?nd  Projectile  has  been  calculated 

charge251  pounds  of  'vhicl1  75»  comprises  the  bursting 

v:  . 

a  small  £hat  th*s  ProJectile  was  forged  from 

small  ingot  of  chrome-nicicel  electric  furnace  steel 

treatment  ^Aft  nachiaad  Qna  ^iven  a  conditioning  heat 

deo?Sallfhaerdened“10nlnS>  Pr°3e0tlle  was 

timp  h™ •  pr° JeC5t, lie  carded  a  fuze  of  the  impact  delay 
Din  npf!  8  M  ,sdmple  desien  and  functioning  by  shear  7 

head  of  tS^f  I?i^n.-r^S.iS  US6d  t0  braze  knobbed 
irimv,  1  th5PirinS  Pln  between  two  brass  shear  elates 
which  are  firmly  fixed  In  the  fuze  body.  On  impact  ?hls 
■  b  shears  past  the  oast  metal  thus  allowing  the  pin 
to  move  forward  to' strike  the  primer.  6  tne  pln 

fuze  is  presentedr^°natrUOtiQn  and  8  drawlnS  °f  this 

v  A 

^comparison  with  varioJ^Unftfdlt^es  ^fnc^navaf 
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%~t  to 


Following  th  :•  completion  of  this  investigation, 
fragments  of  a  similar  projectile  were  received.  The 
ragments  of  this  latter  projectile  confirm  the  recon 
truction  presented  by  this  report. 
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x  tntroducti in 

Tho  V.  S.  S.  SAIT  LAKE  CITY  was  struck  by  a 
najor  oaiibcr  projectile^"  out 

at°5000nyards  rungs  and  ^^i^lnches^bove  the 
projectile  struck  at  Fj-amo  48,  14  jj  “  3J  pounds  STS 

second  deck  and  P*'nut^te^  °^  k  tL  seCond  deck  66  inches 
backed  by  18  pounds  UTS,  ^uck  the^econc^^  plaUngs 

along  the  line  of  f~*Shb  an  P  continued 

?orstr?kf  r&StSd  nai  iKnSl'lb-x  3.45"  x  3.45" 

(21?9  IbS.OTSjS  inches  below  the  second  deck  The^ 

inc^the'flange  W Veam^SThe  top  of  the  under 
botton^tank "whore  it  exploded  The  distance ;  fr« 

«  SJPSSSW  bent  ° in- board  7 

mh&  fragments  from  this  projectile  were  for- 
,  .  to  the  Naval  Proving  Ground  for  examination; 

S3s  & 

FlgC13CdNT0  Photo™”  609  UTL)°shows  a  detailed  view 

"tSo^SpSSSnS^tiS  Sith  tL  base 

SSi^r  £  ^\=sr=s- 

found  on  the  projectile; 

Cap:  7  AP.  ljf-W-0! 

Base  Ring:  NCS 

Base  Plug:  NCS  «fc»  ^  ?c?eU -5£ 

Booster  Adaptor:  frt)  v  A/ 

II  INVESTIGATION  OP  PROJECTILE^ 

'( A)  RECONSTRUCTION 

The  first  phase  of  the  investigation  con¬ 
sisted  of  cutting  selected  fragments  into  ®lic®®  r®p" 
resentntivo  of  their  original  cross  section.  Fig  A, 

NTO  Photo  No.  630  (APL)  shows  thV°h?Jr<ned  ??oi  this 
qlicc-s  from  which  further  data  was  obtained.  From  rnis 

nssenWy  ?ho  projectile  was  definitely 

being  of  8-inch  caliber  and  as  having  n  large  burs  ng 

charge. 

The  cap  and  nose  are  seen  to  have  conjunc¬ 
tive  flat  surfaces  devoid  of  interlocking;  ®  ®  ^ 
holes  in  the  cap  attest  that  the  probable  method 
assembly  was  Escrow  the  cap  into  the  windshield  fol- 
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louod  by  screwing  the  windshield  plus  «?P  ‘hf  "° 
thus  the  cod  is  retained  to  the  nose  solely  by  tne  .vina 
shield  ring?  Further  interesting  feature*  are  the 

of  two  rotating  bands  and  of  boat  tailing.  fringing, 

that  these  rotating  bands  showed  practically  no  fringing, 

IIPO  Drawing  101  (APL)  gives  a  complete 
reconstruction  of  this  projectile  (inside  bnck  cover) . 
All  dimensions  which  are  given  without 
have  been  accurately  determined  by  actual  measurement, 
dimensions  which  have  been  arrived  at  by  analogy  are 
described  ns  being  "approximate". 

By  referonce  to  Fig.  4.,  N?0  Photo  No.  6  30 
(APL)  it  can  be  seen  that  the  dimensions  from  the  tip 
of  the  cap  to  the  center  of  the  body  are  accurately 
ascertainable. 

Continuation  of  the  nose  profiling  to  the 
profiling  on  the  first  fragment  was  used  to  determine 
the  position  of  this  fragment  and  the  dl®JQnc® 
nose  to  the  forward  bourrelet  tracing.  Tho sideJt*8~ 
nent  gives  a  complete  cross  section  of  the  bourr  I* 
(length  of  the  bourrelet  is  indicated  by  arrows) ;  thus 
allowing  the  third  fragment  to  be  accurately  located, 
since  its  forward  part  shows  tho  bourrelet  back  tracing. 

The  dimensions  from  the  base  to  the  center 
of  the  body  could  likewise  be  accurately  ascertained. 

The  base  ring  is  complete  and  includes  a  portion  of  th 
rear  band  score  notch,  thus  allowing  accurate  locating 
of  the,  rotating  bands.  The  distance  between  rotating 
bands  is  given  by  the  fragment  which  carries  both  band 
score  notches  -  tho  position  of  the  adjoining  b  dy  ,g 
ment  is  thus  fixed. 


All  dimensions  of  the  projectile  were  there¬ 
fore  accurately  obtained,  with  the  exception  of  the  over¬ 
all  body  dimensions.  The  body  dimensions  noted  on  the 
drawing  were  arrived  at  by  analogy  and  by  J?on“ 

siderations  of  profiling;  while  these  are  admittedly 
approximations,  it  is  believed  that  they  are  fairly  •’ 
a  0  our  at  e. 


Calculations  made  to  determine  the  weight  and 
capacity  of  tills  projectile  are  given  in  Appendix  (A). 

The  total  weight  was  found  to  be  approximately  251  pounds. 


(B)  CHEMICAL  ANALYSIS 

The  analyses  reported  here  have  been  ob- 


toined  spcctrochenically  with  the  exception  of  those 
of  carbon,  phosphorus  and  sulphur  which  wore  dctcroin.  d 
by  standard  chemical  procedures. 


Cap 

Body 

Base  Plug 
Fuze  Adapter 
Rotating  Bonds 
Gaskets 


CPS 

.61  .007  .005 
.63  .007  .004 
.26  .026  .027 
.30  .010  .007 


Hn 

Si 

Cr 

.20 

.25  2 

.18 

.20 

.25  2 

.15 

.65 

.30 

.62 

.48 

.22 

.67 

Pure 

Copper 

Pure 

Copper 

Ni 

2.87 

2.80 

3.30 

3.60 


Spectrochemicnl  analysis  showed  no  traces 
of  molybdenum,  vanadium,  tungsten,  titanium,  copper,  boron 
or  zirconium  in  any  of  these  stools.  The  very  low  phos¬ 
phorus  and  sulphur  content  of  these  steels  indicate 
they  were  made  by  electric  furnace  praotice. 


(C)  HACROETCKING 

Etching  with  hot  acid  showed  that  this 
projectile  has  exceptional  soundness  and  freedom  from 
segregation  of  non  raetallics.  Tho  lack  of  definite 
flow  lines  and  the  presence  of  small  dendrites  indicate 
that  tho  projectile  was  forged  from  a  small  ingot  and 
tho  cavity  wns  formed  by  boring. 


-  3  - 


HH 


km  y 


H/vRDNE 


1A0NIF I  CAT  I  OH  ?00}; 


CITED 


hotomicrograph  ME 7 


'UZE  ADAPTER 
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Quench 
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ASMS** 


Spheroidal  carbides  in 
a  matrix  of  ferrite 
and  tempered  martensite. 

HARDNESS  35  R.C. 


MAGNIFICATION  8S0X 
ETCHED :  Picral  +  Nital. 


Photomicrograph  I‘  14 5 


STRUCTURE  OF  BASE  RING. 


Spheroidal  carbides  in 
a  matrix  of  ferrite. 

HARDNESS  20  R . C . 


MAGNIFICATION  8 5 OX 


i 


Photomicrograph  I'M 


y.icwwnf)c?\mz  OF  J.U'aHESS  3»*  PROJECT  ILF . 


3TnTTl 


RUCTURE  OF  CAP. 


■/  ,, .  v  ha 

aL  ■  v.  ‘  .  •; 

r  if  <Q$k  >; 


Spheroidal  carbides  in 
a  matrix  of  tempered 
martensite. 

HARDNESS  50  R.C. 


MAGNIFICATION  8 5 OX 

ETCHED:  Picral  +  Nital 


Photomicrograph  1142 


STRUCTURE  OF  NOSE  INTERIOR 


Photomicrograph  M43 


Spheroidal  carbides  in 
a  matrix  of  tempered 
martensite , 

HARDNESS  40  -  45  R.C. 


ni  ArLTTTtrTP  ArnTOT.T  «e  nr 

X  iJXVXX.  X.X  -XX'AXX  _X'  'AX  A  J  J  WAX 

ETCHED:  Picral  +  Nital. 


(D)  HARDNESS  SURVEY. 


A  systematic  hardness  survey  was  made  on 
the  polished  ground  surfnce  of  the  slices  shown  in 
Fig.  4,  NPG  Photo  No.  63O  ( APL) .  Results  arc-  given  by 
hardness  contours  on  a  scaled  cross  section  of  the 
projectile  included  in  NPG  Drawing  101  (APL) .  (Inside 
of  back  cover.) 

The  cap  is  seen  to  be  unifornly  hardened 
to  50  R.C.  (6?  Shore).  The  nose  has  been  dccrementally 
hardened  to  56  R.C.  (67  Shore)  on  the  surface,  and 
40  R.C.  (55  Shore)  at  the  cavity,  while  the  body  and 
base  ring  are  35  R.C.  (50  Shore)  and  30-20  R.C.  (45-35 
Shore)  respectively.  The  base  plug  is  25  R.C.  (40  Shore). 

(E)  MICRO STRUCTURE  AND  INDICATED  HEAT  TREATMENT 

The  microstructures  as  shown  in  photomicro¬ 
graphs  M42  to  48,  arc  typical  of  quench  and  tempered 
steels  of  this  analysis  and  indicated  hardness.  It  is 
evident  that  this  projectile  has  been  decrenontally 
h  irdencd  and  then  base  drawn. 

The  following  heat  treatment  is  deduced 
from  the  nicrostructure  and  the  hardness  survey. 

(A)  CONDITIONING  TREATMENT. 

(1)  Soak  at  1500°F  followed  by  a  timed 
water  quench. 

(2)  Draw  at  1200°F followed  by  a  water 

/  quench  to  cold. 

(B)  HARDENING  THE ATI IENT . 

(1)  Immersion  in  a  lead  pot  at  1450°F  to 
within  one  inch  of  base  for  approximately 
30  minutes,  followed  by  n  timed  water 
quench. 

(2)  Draw  at  600°  -  650°F. 

(3)  Base  draw  by  slow  immersion  at  1100°F 
in  a  load  pot,  base  first,  to  within 
four  inches  of  nose,  followed  by  a  water 
quench  to  cold. 


The  following  heat  treatnent  is  indicated 
for  the  cap: 

Hj  JiDZiiniG  treat:  na jt  . 

(1)  Heating  to  1450°F,  followed  by  a  tined 
water  quench. 

(2)  Draw  at  600°  -  650°F;  water  quench. 

The  following  heat  treatnent  is  indicated  for  the 
base  plug: 

SPHEROID  IZINO  TREAT:  IZTIT . 

(1)  Heat  to  1450°Fand  water  quench. 

(2)  Draw  nt  approximately  1000 CF. 


TAB  La  A 


TABT T.AT I  )H  OF  CJISIICAL  ANALYSIS  OF  «UT'.2  CO! FOISTS 


Component  Chemical  Analysis  + 


C 

P  S 

I  In 

Si 

Cr 

Ni 

V 

1  ■  “ 

T 

■  ""  “ 

Fuze  Adapter 

.30 

.010  .007 

•  48 

.22 

.67 

3.60 

NT 

Fuze  Body 

.32 

.021  ,026 

.76 

.19 

.75 

4.60 

.09 

Firing  Pin 

.29 

- 

.12 

.10 

12.0 

1.95 

•  0.+ 

Spacer 

- 

- 

.70 

.23 

.51 

3.75 

.08 

Booster  Adapter 

.31 

.010  .015 

,62 

.22 

.72 

2.85 

.06 

Cu 

Zn  Sn 

Ni 

Pb 

A1 

Fe 

Mn 

1 

Impact  Shear 

Sections 

59.85 

35.10  .73 

.09 

.013 

1.08 

1.62 

1.36 

Set  Back  Plate 

59.85 

35.10  .73 

.09 

.013 

1.08 

1.62 

1.36 

Locking  Plug 

58,40 

38.20  L 28 

NT 

.019 

0.36 

0.23 

1.28 

Firing  Train 

* 

*  Tr 

NT 

T 

T 

T 

T 

Cast  Metal 

* 

*  >  Tr 

Tr 

NT 

Tr 

Tr 

Tr 

(See  Table  B) 


Spectrochemlcal  Analysis. 

Tr  =  Trace 
NT  =  No  Trace 
*  =  Predoninant . 


+  The  steel  analysis  reported  here  have  been  obtained 
spectrochenically  with  the  exception  of  those  of 
carbon,  phosphorus,  and  sulphur,  which  were  deter¬ 
mined  by  standard  chemical  procedures.  No  traces 
of  molybdenum,  tungsten,  titanium,  copper,  boron 
or  zirconium  were  found  in  any  of  these  steels. 


TABLE  B 


TABULATION  OF  THE  HARDNESS  AND  MICROSTRTTCTURE 
OF  FUZE  COMPONENTS . 


Component 

Hardness 

Microstructure 

Fuze  Adapter 

\-2C 

K.C  . 

Quench  and  temper;  carbides 
in  ferrite. 

Fuze  Body 

26 

R.C. 

Quench  and  temper;  carbides 
in  ferrite. 

Firing  Pin 

30 

R.C. 

Quench  and  temper;  carbides 
in  ferrite. 

Spacer 

35 

R.C. 

Quench  and  temper;  carbides 
in  ferrite. 

Booster  Adapter 

30 

R.C. 

Quench  and  temper;  carbides 
in  ferrite. 

Impact  Shear  Sections 

91 

H.B.  } 

Alpha  in  a  Beta  matrix; 

Set  Back  Plate 

91 

R.S.  S 

structure  formed  by  furnace 

Locking  Plug 

86 

H.B.  \ 

cooling  a  manganese  bronze. 

Firing  Train 

88 

H.B.  J 

Cast  Metal  * 

* • ■■ 

Primary.  Alpha  in  a  matrix 
olUamallviAlphavand  Beta  . 
gnaina) *  structure .formed 
on  chill  freezing. 

*  Note:  The  distribution  of  components  in  the  micro¬ 
structure  indicates  that  this  alloy  has  a 
nominal  composition  of  approximately 
zinc;  the  presence  of  tin  ( spectrochemically) 
in  appreciable  amount  makes  it  ouite  certain 
that  the  alloy  is  a  Tobin  bronze  which  is 
widely  used  as  brazing  rod.  'Jo bin  bronze 
is  a  carefully  processed  Muntz  metal  con¬ 
taining  .5  to  1$7  tin  with  approximately  38£ 
zinc  and  the  remainder  copper. 


Ill 


I! rVESTIOATIJN  of  fuze . 


(A)  RECONSTRUCTION 


The  fuze,  while-  considerably  damaged  by 
detonation,  was  found  to-be  complete  in  all  of 
conpunont  parts.  Fig.  5,  MK!  Photo  No.  66t  <m)  shows 
a  dcop  ncid  etched  cross  section  and  NFS  Drawing  102 
(APL)  is  n  reconstruction  of  this  fuze.  All  conponcn 
parts  are  indicated  and  dimensioned  on  this  drawing* 

While  slight  discrepancies  may  possibly  exist  in  some 
of  the  indicated  contours,  it  is  believed  that  thls 
drawing  is  an  accurate  representation  of  the  fuze  assembly. 


(B) 


TATflTT.ATIOH  OF  CH31ICAL  ANALYSIS^. 

Atm  Cdfrlroltefflff: 


HARDNESS 


Tables  A  and  B  list  the  chemical  analyses 
hardness  and  microstructure  of  the  fuze  components. 


(C)  DISCUSSION  OF  FUZE. 


ASSEllBlY.  This  fuze,  an  impact  delay  action  type, 
combines  extreme  simplicity  of  design  with  novel  features 
of  assembly. 


The  close  proximity  of  the  firing  point  to 
the  primer  cap  in  this  fuze,  necessitates  that  the  firing 
pin  be  accurately  positioned  and  firmly  held  in  that 
position.  These  desiderata  ure  accomplished  by  n  bracing 
operation  using  a  molten  Tobin  bronze  (see  Tmblo  B  for  note 
to  effect  a  union  between  the  brass  locking  plates  and 
the  knob  on  the  firing  pin.  See  Fig.  8,  11PG  Photo  No.  662 
(APL)  in  Addenda. 


The  actual  mechanical  operation  of  assembly 
hn3  been  deduced  to  be  as  follows: 


(1)  Inserting  of  firing  pin  into  taper  hole. 

(2)  Placing  of  five  impaot  shear  sections 
into  position  around  firing  pin  knob. 

(3)  Placing  of  setback  retainer  pinto  into 
position,  punching  of  the  five  retaining 
pin  holes,  and  insertion  of  the  retnining 

pins. 

(4)  Screwing  of  locking  plug  into  position. 

(5)  Pouring  molten  Tobin  bronze  (probably 


-  6  - 


p o u 

T^b 

jprs 

r-t.  'O  .>1 

4  r-!  1-  '  :.V'\,  ..  ^'V^-: 

^  ~  £ 

suner-hoated  to  12-1300CF)  into. the 
large  locking  pin  hole  (of  locking  piug;. 

(6)  Press-inserting  of  large  locking  pin 

while  net'll  is  still  nolten  thus  forcing 
the  nolten  ne-tal  to  fill  nil  int  rstice-s 
in  the  assembly. 


(7)  Inserting  of  firing  pin  -  prim..r  spue  or. 

(8)  Ass  cabling  into  fuze  end  booster  adaptors 

It  is  suspected  that  pouring  of  this  nolten  alloy  r.nund 
the  firing  pin  knob  would  have  a  highly  detriment <1  ^ff  - 
on  the  mechanical  properties  of  the  steel.  Steels  of  ,  ie 
analysis  of  the  firing  pin  show  temper  brittleness  lid 
cannot  be  allowed  to  cool  slowly  fren  temperatures  above 
600°C  without  the  subsequent  impairment  of  tneir  riechan- 
ical  and  particularly  of  their  impact  properties,  ouch 
a  condition  existing  in  this  fuze  should  be  considered 
axtrcnclv  dangerous.  That  such  a  condition  did  exiot  jv.u, 
verified  by  the  brittle-  fracture  observed  when  the  knob 
of  the  second  fuze  fractured  on  disassenbly.  At. 


ADD2NDA 


nnd  Pig .  8,  IJPG  Photo  No.  66 2 


(aPL)  . 


ACTION.  This  fuze  possesses 

sin liar  to  that  of  n  shear  pin, 
use  of  shear  plates  or 
is  .  - - 

on  setback  by  the  bearing  typer,  md 
pi ato  in  the  knob  looking  assembly. 


an  action  essentially 
but  in  n  form  which  makes 
annuluses  instead.  When  the  gun 


W  J.  OJiwUl  L'J-e.  v  v/  kj  - - - -  .  .  _  J 

firtd  the  firina  pin  3s  restrained  from  moving  Packo >ra 


the  setback  retainer 
See  Drawing  102  (APL). 


it 


In  flight  the  pin  cannot  creep  forward  since 
is  locked  securely  in  place-  by  cast  in  tnl. 


On  impact  the  firing  pin  moves  forward  and 
hiving  considerably  mass  exerts  sufficient  force  through 
the  knob  to  shear  past  the  cast  metal  locking  it  in 
place.  The  pin  is  then  free  to  strike  the  primer  setting 
off  th  detonator  and  the  delay  action  powder  train  and 
conscou~ntly  the  main  charge.  It  -must  be  concluded  th^t 
this  fuze  requires  a  relatively  heavy  impact  to  make  it 
function. 


ST'DIFY.  Obviously  such  a  fuze  makes  a  sacrifice^ of 

safety* in  the  interest  of  positive  action  and  simplicity, 
Thu  shear  plate  arrangement  can  be  considered  to  be  only 
partially  boro-safe;  any  accidental  deceleration  nay  con¬ 
ceivably"  cause  the  firing  pin  to  creep  forward  and  strike 
the  primer  -  the  fuze-  is  essentially  armed  at  all  tines. 
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;:j  provisions  hav  be  n  made  for  d  t^nator 
j’t  i-r,  if  th*  detonator  should  b_  accidentally  set 
off,  th.  r.Ju  charge  \:ould  b  exploded. 


IV 


DioCUoSi  >n  of  ;  ?( m  cm 


The  nost  striking  feature  of  this  projectile 
is  the  use  cf  a  flut  nose  end  a  relatively  insecurely 
fest-  nca  conical  cap.  aIso  worthy  of  note  are  tin  uee 
of  -  nirh  percentage  of  filler,  two  rotating  bands  and 
boat  tailiif  .  The  nost  inportunt  charact  ristics  ar  . 
conpared  in  Tabl  C  to  those  of  various  3-inch  connon 
projectiles  used  by  th-  Inited  otat  .s  h  'vy. 

Th,.  design  of  this  projectile  scons  excellent 
for  conventional  use  against  lightly  urnored  targe* 
how*,  v  r  there 


is  th  ■  possibility 


+-h  >• 


this  pro 
against  h 


•<  V  1 


nay  also  hav  been  designed  for  us  .  ... 

rnoi’i  d  vessels  by  undi  rv/ut  r  att  •  ah  ol  thoii  ±ig-.c  ^  ^ 
amor.  In  such  an  attack  th  windshield  is  ripped  oi:5 
thus  also  r  noving  th  cap  and  t ransf oming  this  capped 
projectile  to  a  flat  nosed  projectil<  .  Such  a  design 
could  •  Iso  explain  the  use  of  1  relatively  insensitive 
fuze,  which  would  prevent  deton ati  n  on  inpact  with 

water . 

V  CdeR  iCTTKISTICS  0?  WII. 

Fragnents  fron  the  buiirrelet  carried  very 
sharply  defined  engravings  of  the  rifling  .004"*. 001" 
deep;  See  Fig.  6,  KP'3  Photo  Ho,  660  (aPJ.)  .  heasur 
:nnts  of  these  engravings  together  with  other  r.icwsure- 
le.nts  til;  n  fron  th(.  c  ngr  vings  on  the  rotating  banes 
(which  were  excellently  pr  •served)  v<  re  used  to  de-ter- 
.irn  a  nunb  -r  of  nuzzle  characteristics  of  this  gun. 

'"'hi  st-  characteristics,  together  with  conparisons  to 
thos.:  of  various  United  Gt-tes  3-inch  naval  guns,  are 
.re  given  in  Table  I).  Per  calculations  see  Appendix  B. 

The  use  of  two  rotating  bends  and  the  clear  cut 
engraving  left  cn  then  indicates  that  this  gun  had 
uniforn  tv/ist ,  The  deep  grooves  ( lp  of  caliber  is  con¬ 
sidered  naxinun  in  general  usage)  indicat  s  a  high 
pr  ssur  gun  with  high  rota.tional  v  lacity  f oi  th 
pro j  ec t ilu , 


VI 


;di: 


(a)  I-ROJnCTIIh  HEIGHT  CALC  FLAT  I  IIP. 


These  calculations  to  determine  th-  weights 


and  cup'~c.lty  of  this  proj  ctil  nr 
sicns  gi v..n  in  UPG  Drawing  101  (API 
the  ste^l  is  taken  s  .033  lbs.  p_r 


b'  sc  i  on  th  din  n- 
.  Th-  density  of 
cu.  in. 


\hi.;ht  of  Charge.  The  forward  port!  n  of  the  cavity  can 
be  assuiw  d  to  be  n  volune  g<  norntea  by  the-  revolution  of 
one-half  uf  nn  ellipse  about  its  injur  axis  (prelate 
spheroid).  Ahe  r  nr  portion  of  tin  cavity  is  known  to 
do  a  cylinder. 

l/2  Volunc  of  pro  1' it c  spheroid  =  1/2  x  it  x  ff  x  7.23 
x  2.S852  -  123  cu.  in. 

Volune  of  cylinder  =  n  rl  / 

V  =  'it  x  2.875 2  x  3.25  =  2,4  cu.  in. 


The  volune  of  th-  fuze  is  assunoc  ;o  ,e 
9  cu.  in.  hence  the  total  volune  occupied  by  the  charge 
is 

125  +  214  -  9  s  330  cu.  in. 

Assuming  the  fill  r  to  be  explosive  5,DM  having  a  density 
of  ,0535  lbs,  p^r  cu,  in.,  the  total  weight  of  the 
bursting  charge  is  then  found  to  be  .0535  x  330  =  17.6 
pounds „ 

’/eight  wf  P.se  Plug.  Volume  of  bus-  plug  =  if  r2t 

=  if  x  2  875  x  2.8752  =  75  cu.  in 

Weight  of  base  plug  75  x  .283  -  21.2  pounds. 

Weight  of  Can.  Inc  ci".p  is  assumed  to  be-  a  Cvt:  with  a 
height  of  2.75  inches  -and  0  base  of  o,25  inches  ( a  1  Iow¬ 
an  cc  is  unde-  on  the  base  to  correct  for  actual  curvature 
on  the  sides) . 


V  =  3./3'tfr2h 

-  1/3  x7t  x  3.1252  x  2.75  =  23  n 

Weight  28  x  .0283  =  7.9  pounds. 

Actual  weight  of  cap  with  a  few  chipped 
fragnents  missing  \ns  7.5  pounds. 


-  9  - 


’  \  L  *ht  of  projectile  Body.  Th-  body  ol  th  pr^j^  cf ±  o 
“^*7^ — distance  JF  13  12?  inches  iron  tho  bus  is  known 
to  bu  *i  cylinder.  The  volume  VQ  =  V  r -1 

VC  =1Y  x  4  2  x  18.125  =  915  cu.  in. 

The  forward  porti  n  of  the-  projectile  can  b  'issue  d  to 
be  a  prolate-  spheroid  with  axis  of  7.5  °nd  3.75  inch  s. 

V  =  1/2  U  if  a  •  b2 

p.s.  3 

=1/2  1  jT  7-5  X  3.752  =  221  cu.  in. 

3 

The  total  volume  of  the  projectile  body  is  tin  n  CJ3  plus 
221  Minus  75  (base  plug)  minus  330  (cavity)  n  rue  ->  (c'p) 
or  694  cu.  in.  the  weight  ol  the  s  aiy  ie  t J 1 

694  x  .283  =  196  pound 'o 

<1  if  ht  of  './ind shield .  It  is  assumed  that  the  volume  of 
t,”ie " windshield  is  made  up  of  a  solid  bounded  by  two 
cones  8  and  7.625  inches' high  '  nd  with  diameters. 6,125  and 
5.75  inches  r  spectively.  This  volun-  is  9  ru.  in.  w. 
weight  of  the.  windshield  is  then 


9  '  28a 


2 , 5  pounds. 


w(Ji  jit  of  Rotating  Bands ,  The  volume  of  th  b'^nds  is  ^  ^ 
made  up  of  two  rings  each  having  a  voluru  V  -  2fr r  /  (axb) 
V;h,  re  a  and  b  are  the  thickness  r,nd  width  .  i  th  .  riiif  s. 


V  =  2 


j  2  x  4  x  (  .19  x  1.125) 


=  10.8  cu.  i 


The  weight  ef  th*  bands  ar^  th  n 


10.3  x  .32  =  3.5  pounds. 


Total  ’/eight  of  Pro.pctllo . 


Projectile  Body 

196. 

pounds 

Cap 

7.9 

Base  Plug 

21.2 

Windshield 

2.5 

Rotating  Bands 

3.5 

Estimation  of  Puze 

2.5 

Bursting  Charge 

17.6 

— 

Total  Weight 

251.2 

pounds 

1C 


/jrarji::  ? 


c  uxiilati 


)?  CP.W  ci:\:i\CTYj{j"?Tcr;. 


Anglo  of  tlm  Non-Driving  h’dgc  ■  The  angK  of  the  non¬ 
dr  ivTng^odgiTTs  ferried  by  the-  hypotenuse  °nd  bns*  of  a 
triangle  having  r.  bast  equal  to  th  length  of  th.  hook 
slopL  and  an  altitude  couil  to  the  depth  of  gro  v<  . 
actually  this  represents  the  chord  across  the  existing 
large  radius  fillet. 


tan  9 
angle  0 


.^08  =  1.60 

.05 

53°. 


Grooves  per  inch.  Five  grooves  were  measured  in  2.7 
Trie  he  s . 


Fatal  number  of  grooves 

- asn; - - 


n 


Total  number  of  grooves  =  <+6 


Number  of  grooves  nor  inch  of  caliber  ’j£  =  5.3 

is 

Twist  in  0  alibers  p.r  R  volution.  lie  a  sur  orient  of  the 
slope  of  "thvj~bo'urrclet  engravings  was  „ 15- .005  inches 
per  inch.  Thu  reference  normal  was  taken  as  parallel 
the  lathe  marks  on  the  projectile.  The  number  of  cTi 
burs  per  revolution  then  equal  to 

1  x  21/  6  or  21.. 

5  TiT 


The  angle  of  twist  9  =  has  a  tange.it  •  qunl  to 
.1695  or  8.5°. 


if  = 

?T 


-  11  - 


fa  JSx: 

ft?  r—l  ft, 

f2  r~i  (t  X 

f?  «  Q 
/  H  ft 

O 

p  t>  to 


p  to  ' — I 

<*-•*  P 
.w-  P 

to  £*  O  ft" 

® '  P  uC  -P  1 
Pi  ■  % 

<ft  i;  :K 

»7rJ  p  •  -!  #■  -i 

.q  n  ~ 

Q>  ^  ft)  V 

p  4  * 

t  P  •  H 

G  •  P 


0  a 

«H  5) 

h-h  ui 


O 


r 

r  * 

rv. 

L  * 

♦  ■  i  ■ 

A 

Jm 

l  f  v 

k  <** 

VII 


,  J3PHNDA . 

After  completion  of  this  report  f r  ignent s  were 
received  of  a  projectile  which  had  struck  the-  U.  5.S. 
SOUTH  DAKOTA;  Fig.  7,  NTS  Photo  No.  661  (AIL)  shows 
the  condition  of  these  fragments  when  received .  A  piece 
of  homogeneous  armor  of  approximately  3-inch  thickness 
was  found  nnong  these  fragments.  The  cap  was  not 
recovered . 

The  fragments  were  identified  ns  belonging  to  n 
projectile  identical  to  the  one  herein  described  and 
confirmed  the  reconstruction  of  this  projectile  and 
fuze.  Only  one  minor  difference  could  be  found;  the  head 
of  the  firing  pin  in  the  second  fuze  recovered  war- 
found  to  be  blunt  instead  of  pointed  as  sho\m  m  J  1 
Drawing  102  (A?L)  of  the  first  fuze  All  oth : r > c .^pon^nt 
parts  and  methods  of  assembly  were  found  to  iy  a.d  ncical. 
Fig.  8,  IJFG  Photo  Ho.  662  (APL)  shows  this  fuze  following 
disassembly. 

The  following  markings  were  found  on  the  booster 
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